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PURPOSE:To produce a martensitic heat resistant steel excellent in HAZ softening resistance and 
showing high creep strengTh at a high temp. of>^550"aeg.C. 

CONSTITUTION This martensitic heat resistant steel excellent in HAZ softening resistance is one 
having a compsn. contg., by mass, 0.01 to 0.30% C, 0.02 to 0.80% Si, 0.20 to 1.00% fcfln, 5.00 to 
18.00%_Cr, 0.005 to 1 .00% Ma, 0.20 to 3.50%_W, 0.02 to 1 .00%_\/f0"D1 to 0.50% Nb and 0.01 to 0.25% 
_N, furthermore contg., independently or compositely, one or >=two kinds among 0U05 to 2.0% Ti, 0.005 
to 2.0%, Zr, 0.005 to 2.0% Ta and 0.005 to 2.0% Hf.^and in which the value of (Ti%+Zr%+Ta%+Hf%) 
occupied in the metallic components M of &423C6 type carbides is regulated to 5 to 65%, and the 
method for producing the same in whichJL Zr.Ta and Hf are added during 10min immediately before 
the discharge of the steel, moreover, cooling after solution heating treatment is temporarily stopped at 
950 to 1000 deg.C, and it is held at the same temp, for 5 to 60min. 
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[*$J5£] Wfi%T, C:0.01— 0.30%, Si : 0.02—0.80 
%, Mn : 0.20— 1.00%, Cr: 5.00— 18.00 %, Mo:0.005 
— 1.00%, W:0.2O— 3.50%, V:0.02— 1.00%, Nb:0.01 
-0.50%, N:0.01— 0.25%£^WU jfJOxr, Ti:0.005 
— 2.0%. Zr:0.005— 2.0 %. Ta:0.005— 2 .0 %, Hf: 

0.005-2.0 %<d 1 mxf t t2m\a±^m^'cmm^b 

-5 (Ti%4-Zr% + Ta% + Hf%) Off** 5 -65%*C&6 C 

t zimt r zmn a zmffi&tcmt%tc?>\,f- >v a 
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UMllU *>-oH»ft«k«sn«<o»iP* 95O-1000'CCcr 



9 s a s 



1 ttfc»£» 



I 



% 

2 



iM#mi ) mm%x. 

C : 0. 0 1 -0. 3 0%. 

Si : 0. 0 2-0. 8 0%. 

Mn:0. 2 0-1. 00%. 

C r : 5. 0 0-18. 0 0%, 

Mo : 0. 0 0 5-1. 0 0%, 

W : 0. 2 0-3. 5 0%. 

V : 0. 0 2-1 . 0 0%. 

Nb : 0. 0 1-0. 5 0%. 

N : 0. 0 1 -0. 2 5%. 

P : 0. 0 3 0%J^T. 

S : 0. 0 1 0%WT. 

O : 0. 0 2 0%JilT 

T i : 0. 0 0 5-2. 0%. 
Z r : 0. 0 0 5-2. 0%. 
Ta : 0. 0 0 5-2. 0%. 
H f : 0. 005-2. 0% 

L. *^@SfM!^38KW$4P* 950-1000 "CCC 

t — n*»jfc urraar 5 - 6 o $w£j#t ^ci 
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Co : 0. 1-5. 0%. 
N i : 0. 1—5. 0%. 
Cu : 0. 1-2. 0% 
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P : 0. 0 3 0%fcTF\ 
S : 0. 0 1 0%J^T, 
O : 0 . 0 2 0 %IUT 

M^C. W%ttW<D$&f&frMtptC&ftZ> (Ti 
%+Zr% + Ta%-rHf%> ©fiI^5-6 5%Xh& 

[ff*3?4] If5j5J|3 0^. fflfiJcfcW-rSffl&CSE 
10 tc. HS%"C. 

Co : 0. 1-5. 0%. 
N i : 0. 1-5. 0%. 
Cu : 0. 1 -2 . 0% 

© m$ fc« 2 8&Lb£^rr * c <t £ -r h 

AZftib^<c«ft/c^?->l^ h^BtMfl. 
[0 00 1 ] 

20 r^r^>fMHAZ$>;ft^ffics^/c-7JU^>if-< h& 

[0 00 2 ] 

fa, ifflE{b***0< , — 95r»5 6 6"C. 3 1 6 bar X 
©»*#W-H**lTt>S. 433fetfJteW6 4 9 'C. 3 5 2 
bar *r 3 ttfl§r**tt4*ci*« 
fcrw^i^on^, &JK&K#5 5o-c«fi 

tfc *»*«©£)* fcWiU** 7*7Yr^©2 • \/ 
30 4Cr-lMo«*6. 1 8 - 8 * ^- > U * »© C £ < 

t-xrt^f hm<ommm^L. tmimic*s^xi>± 

[0 00 3 ] 2 * 1 /4C r - 1 Moiit-Xft^ 
rJRXf^U* »©*«**&£ fc#><DIB# 6i5S5^-h 
*™«5fsS*iTl>*. C rW*IB©9C r . 12Cr 
»©5tW ^««ttfil±©»5£ i«CB3» 3 tifcifff&gi! 

[0004] i&f&iB©^ y -^siiittt. »K>B»arara 
tc*fC»r«H«Wk«:. st^ai»wiK:*jc»rtt*fffl* 

(r»-SH**<bn***. B»«ftK<tor^<©J»^M 1J C» 
so 3K©WSgasft3*rc*fc. 
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[0 00 5] ffljUi«M36 3- 89 64 4#£fK. *¥ 
MBS 6 1 -2 3 1 1 39-5f£3S, Kf6SBS6 2 -2 9 7 4 

HlttKftl > ? 'J - ^fi[«r^fltr# * 7^7>fh 
[0 00 6 }-^. H^OBSfSftt*f4«i. 

©*T. SE«*jfi«©a«, r«ec*st»T 
&29 0 0- 1 0 0 0*CfI&£TiJ[J&£*lT\ ^B#rfflCD^ 

^fclfcfb«c±fc*«^**. t©*Mbi££j#3t&£ 
fetf£{££ffj&c fHAZittbj ifts-r*. 
[0007] 3»IMfc«CC^l»Tttlffl& 

*. ira«-^i>?->tf-f h^l*J9<D«ccB^fbK7 

/Co 
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[0009] 

r&t>^M„C fc 3^fb&©£®. tflA 
{bictiH^S^^^«g[50^g[I^fb^^^:[iI^T^ 

»^nJ^/<c6 0tf)^*>Or*)o-C, Ti. Ta, Z 

vzct-e fHAZ&ftj woaaufci^ fitHAZ& 

[0010] 

HM%T\ C : 0. 01-0. 30%. Si: 

0. 02-0. 80%. Mn : 0. 20-1. 00%, 
Cr:5. 00-18. 00%. Mo : 0. 0 0 5- 

1. 00%. W :0.20-3.50%.V : 0. 

0 2-1. 0 0%. Nb : 0. 01-0. 50%. N 
20 : 0. 0 1-0. 2 5%£^WU JJ0X.T. T i : 

0. 0 0 5-2. 0%. Zr : 0. 00 5-2. 0 
%, Ta : 0. 005-2. 0%. Hf : 0. 005 

-2. Q%oin£tct l zzn&±.zm&v$>z>^i i met 

P : 0. 0 3 0%OT. S : 

0. 0 10%WT. O : 0. 0 2 OH&TtefWIRU 
**l>«M6CCo : 0. 1-5. 0%. Ni: 
0. 1-5. 0%. Cu:0. 1-2. 0%©lli/ii 

#M*CC£#>£ (Ti%+Zr%+Ta%+Hf%) <D 
30 ffi^5-6 5%T*>9> »aWF efc^tf^nJiSCD^fifi 
«9J:0&5Ci*»»tr*ilifHAZWb»tttCtttifc 
h^ffMM, fccfcO\ M J3 C. SLKfb*© 
#WJ5E#M4HCrM>* (T i%+Zn%+Ta%+H f 
%) <Dfil#5-6 5 9*£tt£cfc ^GC, Ti. Zr. T 

a, Hf %m&m.ffl<Di ofrmicmML. ^asfta 

AMf*©?^ai* 9 5 0-1 00 0 °C«:-C— B$#it LXm 

$fc{b^K&n/c^r->iM h ^^JPKDS^ii^r 

40 [0011] 

ic&^z. ctt^o^fcsM^****, o. 01% 
5i«rw*jJ0i«c^+^r*»). o. 3 0%m<om& 
^ttmrnma^m o < mb u . mimismmtiom 

B£&*fc*. *&H£0. 0 1-0. 30%iLfco S 

1 «iiiWfbtt*«KmBr. ^ouwwiLr^sttTc 

o. 0 2%*j®rttWt*ot, o. 
8 o%®r«^ »;-^^^(ST^^^<Dro. 02- 

50 0 . 8 0%<D©ffli bfc. 
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[0012]Mn IJKIW)fcit)0*t?& < 3fiK«}#± 

%w±©ifitti^*"c*o, i. oo^ari, *y 

-^OK^fiT-r^ia^A'SOr. 0. 20-1. 0 
^>-C, ISIBSfrCCte^OrC r ai C. . Cr 7 C 3 3£CD 

7%a©±wc*^Lro^ 0 Wfi*fb14©«*&#>6. T 
rat* 5. o°/oii. ±issii5®5ae*Hiiss-r^< . 

h-«©ffli!a=fejifiiE-rsiES^jaoi 8. o 10 

[0013] Wtt@^»tCC <fc o s> »; -^3fift*S»CC 

K^^Tua-c* o . fitc5 5o •cfeLboiBigiciB c»r g 

IS* 3. 5%iUc, 0. 2 0%*^rti»gi& 

ffcOjaSAi^+^TASO-CTIK^O. 2 0°/oil/c 0 

o. 0 0 5^iarttW7+^rA0. l . o 20 

09*«-ettMo, CSa<DR{b»©^**TUJ. ASl»5*M 
o, FeSS©^R|fflft^«!«fffl4cJ:o'rWi|5rD#(casjn 

±fi|g&l. 0 0%ilfc. 

tel. 0 0 96*llASiV3RK{t ! ft*SC»ttSS{bBj© 
K£0. 0 2-1. 00%<h0/c o NbiiMXI©^ 
±fcB»ttfbfcfc*ir*'£. 0. 0 19fi*#8"C» 

astta&sjpffiafrfcia-r. 0. 5 0%*itaiLri8Sflnr& 

H^tfffflU ^tt*ffiT3i**Or&SJjn®H*0. 
01—0. 5 0%tcm~?tc. N«v h V v ZMCmfeh 

zwmitm. %m<t®i±LTffimo. ^ccvn. Nb 

fbccfc«ai»b«: a. 0. oi%^i©wr- 

T^MSS^O. 2 5°/otL/c. 
[0015] Ti, Zr, Ta, H f oaS*P5i*ftiW© 

*^oKHii««-)t rHAZWtj <D@iB*IS 
WS. Ti, Zr. Ta, H f «*ft9il»<OJac^Cc 

*{bPfiitcc*r&r&*. W, MoCDM^C, * 50 
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I5H*£*0. 0 0 5-2. 0°/oilfc, 

[0016] p. s. ott*«wwc*j^r»^iwia<t 

P. S«9SK£(ftT3t!\ Ott&fb&<tl,rffifflOTW 
tt^ffiTS^SOT-e^-etiiffiffi^O. 0 3%, 0, 
0 1%, 0. 0 2%£Ltc a 

[0017] u±fr*mn<Dmxf%ftv&z>j)\ 

CC*Jt»-C«COffiCCfflj^CCIJ;C"C. Ni. Co. Cu<D 

ia£fcl*2«lU±***l^N i (SO. 1-5. 
0%. CoBO. 1-5. 0%, CuiiO. 1-2. 0 
%^W3-&SC<fc*s-C*S 0 Ni, Co, cum>m 
^^fc^X-r^ F3c^b7C3Rr*l5. mcXM<D 

h*5£fb7c3R. t&fc^Cr, W. Mo. T 
i, Zr, Ta, Hf. S i m^mwr^^CC^ 
X, ^-TJlf-^VJ F&0< 
S/cas&cc^gr&o, |p]B3k:n i UK) 

&£>fa±. Cou^sor&jji, Cutt^Ktiiitftttoi^ 

*+#rao, 5. o%*aATj^jn-r**ft^*c8*iE* 

£&Hlfflfb^©*TU*£<,>ttC u©«£*cfcttMWC» 

***6*>n*. '^t, ^*i^ftco^ta$5ffi£o. 1- 

5. 0%, M$b<«:0. 2-5. 0%£T£o 
[0 0 1 8] UET i . Zr, Ta, HfO^DW^ 

,,C 8 S^bftO^MfiS^MttifcAAS ( T i %+ Z r 
%+Ta%+Hf%) ©1^5-6 5%<i:^^fM 
■o-C. f©fc»KTi, Zr. Ta. H f ***raiW 
^fb«KO^-C«rW3^S^<, Ti. Zr. Ta. H 
f &M»Bliir4> 1 0 5>Bflw:&$jjUL. ^oHS-f 
(D#£P£:9 5 0- 1 0 0 O'CCCT— &f&±i>xmm&x 
5-60 #(^1T 6Ci r WffiJ&WfcSlIW 0 &tt 

«MTT£Cd:«:j:o-C WWTi, Zr. Ta. H 
Z><DX$>*?X, *^©{b^«5>*«KUfc*f»*miK 

,,C, saK<b«J©^RnS»M*«:iS«)S (Ti%+Zr 
%+Ta% + H f %) CDfi§£5-6 5?fi«C*l»-rSC i 

[0019] «±OK36XSfcJ:CX«{b«l©i|iJaiH!ltt 
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«T6CBEai'r*JW<CJ:-3"C«SOfc. Ti. Zr, T 

*v im (KSR«an»Mp) . ef r&isi 

U AOD (A rR^»BUgffifl»a> , VOD (Jt 
£8tfW*0C#RKi5H> . LF <&SBmi/lt!fi$&S) 
£j§A/C{sOTU 3^Sfc£3^<CTg|i&U 2 10X1 
6 0 OnmCDKM^W-r^X^^i L/Co Ti. Zr. T 
a, H f te-en-etlV I MJ/dJEFt©M^, 

mwifeTmsft. aod, vod, lfom 
xerateB*. «s*xii#*7 i o^^s^^md 

Wrl, 0325. 4mm©J5«iO. *«ttl»«aai 1 0 

Of*Oi^infflli-C. 1 0 5 0 °C, 1 00 0'C, 9 5 0 
"C. 9 0 0'C, 8 5 0 "C, 8 0 0 °C<7>&^iC:fo 1>T& 

[00203 »c> i6n/cn»7 8 o°cn mmm 

6JT I GS«cc-c*lfcu Af&&ttti^/l^>^ 
iSWStmwiHttWtt 1 5 0 0 0 J/cm£iItRtfc 0 
fc«#K«46*7 4 0 W6I^IW©««fa»«aai«rJ60. 

^<DHAzgp^^6S2cc^-r^ir, ajM?58«« 

[ 0 0 2 1 3 13 3 SJTi, Zr. Ta. Hf^MSS 
eh. §B*T i , Zr, Ta, H f 0*fW«i Lr«W«E 
^SOWHS^rBI-CAS. Ti. Zr. Ta. HfO 

5c*M*«l|l»r&fca«>CCttT i . Zr. Ta. Hftt 

I^RftWWiW^XttifcO. 15Mmr*SCi*s 
MM L/c. 

[0022] H4 »H«ft«i*affi»<D^an»±fflje*s<t 

[0 02 3] Cti6©K{k«J©jfiJUtttT i . Z 

r, Ta, H f ^fc&TSMXfflKffcttrfcfcti 
xa»/|^as^MKJCi:S»«-CM^35Pi/j:ofc. a 
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L//c«MCca?ft0fcK»Cco^rO7 8 

«rW?e.*4io/cKft«J <^tt»ff±i&K**9 5 0*C 
fcJrtfl 0 0 O'Cr&ofcWOKffctt) M^C. CO 

SCClISOTfcteWKM^C, S9^t«J£&«j, titi££ 
JSTC&MiJi&ctST i , Zr. Ta. Hf^5^65%0 

[0 0 2 4] HBttrSffiMiiBSgBtcSarSMa.C. 3> 
&{t*54>£i5*£>£T i Z r% + Ta%rH f %<DfS 

U-TlRWrSfiKO^D-CRSCMRa) <OT(££^-<r[3T 

•j - ^K^tt«ewaw?BaR«acctk« l xm^i mp 

f'^©^l 0MPaWftT<fc£<DT\ ?gf&&&Sra& 
^tt^HAZftft31**^$/j:t»Ci/is*>^S, Ti, 
20 Zr, Ta. H f *«^R7C^M4HCo-6 59tf£W 

W^W. Mo#Ti. Zr. Ta. Hf tCtt*>-D 

**c£*^ ±iB©stwe**fc/c6oy£fe©iii6ift-c 

[0 0 2 5 ] Wi^te***-^. #%91<DS&£X*I£ 

30 ffiuftctntf. «^3iec^^b^fi6»oiPi*ji^xe-c 
[0026] *m*mo®mjimt±<Mm&fj: < . c 

/c/cl. tMKXHttTi. Zr, Ta. Hf»t^ 
&K<iL /c LF*il^ tiS^lft^'^^S^g^iifflr & 

KS/c-jr«K«ff®xa«c*jc»-ctt. wb^q^ii 

ftff I 0 0 OXIirJDilBTttttJIpS^Si-r*. friW 
50 i±-C!£«*fe«Wffli*iL6ti*A6«>S«axli 
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[0 0 2 7] »tc. IBfr<Olii£Xfg<t Lrti, #IS!B© 
co ^- a u x E t c J: o T - a u * ' 7 ' *> «t O j ^ 
TIG, MIG. SAW, LASER, E Bi£*g£ig& 

r. Kcctt«±©**j&Dajc»ra*>*c*{i«ar B ir s r 

[0 02 8] *^»l6*JStc. KOJBrSI 
Jgtc, H I P (S%ras|*»*EEttJBE«#S^S) , CIP 

[0029] fii±ogre. «. ^mmcommmmat 

WI^tMt^^^^'Co, Ni. CuW- 

xft^h £j£{t7csi££ < ^w-r&^, c r ^mm 

[0 030] »W»tt<D+»tt»*C!£:*3Q:«Hr. iU 
[0031] 

*1 -*2 SCCtjVTT i . Zr, Ta. Hf 

Oton, 12 0ton. 6 0 tan *ffl«©iS<F|*-|BlFR 
VIM*^ttEFMC*t»Bl/, t-^wju 
•MftfllfirWSr £ A r nJttfc L F ifcffCC <fc -> X 

mmb. mttmmnteioamtcT i t zr, Ta, h 
f <d im&tc&2mvL±z$ki -^2 siajk-rmtcvm 
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3BtffflE5Secr«l55 0 rtmCDim *J iCX 1 2 imifl0«t«<fc 

-r**\ & o< itttri/? McaixLTBMHOTfflKTW 

17 4mm, I 0 mmO^ - A U^EM^C 

T#&3 8 0irm, 0 m<D' W 7*£-en-e*lt&I L 

fc 0 SCC»S«lS^ttXLr«iBIS180r^a2 8 0m 

[0032] ±x<omi6<kvmzmmim&m*ifoo> 
950-10 0 owu&mmx— m<%J$z&±Lxtp 

[0 0 3 3 ] mm 1 i£< I5Itt©ra5fettIXOfft£-C. B 

imitmrnomftzwax.* R^i-itcflnxtr. a 

fttfc. s&gp:-ii>-r*i*>7 4 o*c-c6B#Bfl, mzmtc 
mtim (pwht) zmmutz* 

[0 0 3 4 ] mtO? l )-7'ttmzmi (a) , <b ) 
tC^Tcfc ^ tC^W 1 CD#^fSj2 ±Wtc* 3 

*f <DSBfu£> tb>U& 6 rrmCD 4? 'J - 7'^^ 5 £ tfj 0 ttJ 0 , 
fc. ^SPCD^';-7*^4ti. g|8 (a) , (b) tc^ 

it. *»w©S2aLLo«i[*iasfcie>. eoo'ecctew 
s i o^fy3<oit^if«^»f^^^-r^^coi 

O^D-CRSCI^a) £t>oT, ^SffCO r H A Zt^ 

ci*«Kfi«y«:*iBBLri»5. S£r>r. d-crs^i 

OMPa ^T"C*-5iS^CCtttmoiltH AZWfcBB**i 
[0 0 3 5 ] H A Z 8C(D«rUl«l»l9 2 L tcmmx& 

CCjr-oTcftSLfc. CCDB^CDT i Z r% + Ta% + 
H f %<Dii^M%i^U. g?Hb/c„ «S«aSi»ieRtt 
^S^t^r, 5-6 5%(Dt5ffiK:£>£C 
[0 0 3 6 ] H A Z gUCD^TW^O^«I^f§3^^(C^ffi-r 

ttSP^6iS18l»iaft*lfilA»6 J I S4§2 rrni V S y & 

iWf»»m)siififtfl*iBffitro-C6c*fi»r5 0 J 

[0 0 3 7 ] ItlSO^fefC, |fc*fi6»K*Jl»r*»|l!<D 
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lO^^D-CRS. HAZCRS, M%CCOi^r^7 
6. $kl 7 (rCtjkLtc. D-CRSiM%©P9^tJ^6-C 

[0 0 3 81^10 \tmt<09 V-^mSffiBLtmt* 
CDTi 0 /o+Zr°/orTa°/o + H f 96<DM^*^rB|-C*> 
S. &#J©Ti, Zr. Ta. H f oaSUDttWUttOB 

$n^»T i %+Z r%+Ta% + Hf%©iM%ii^ 
»ft5S»0«l14<DM(^^U/c|g|'C*)S. M 6 
5 %&m A *JS£CC fcWrffl «#ffi Aft LXmt&Dl&Tifi 
i^fiBS(Hffl5 0 J £T@*C D- 
CRS, HAZCRS. M%GCOC>Ttti!N5£ffl£8«:^ 

[003 9)176, 7 lIzmLldfcimo**** 7 4 

,51-1 
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